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ABSTRACT 

We used K-band photometry, maximuni rotational velocities derived from Fabry- Perot 
data and HI observed and predicted masses to study, for the first time, the K-band, 
stellar and baryonic Tully-Fisher relations for galaxies in Hickson compact groups. We 
compared these relations with the ones defined for galaxies in less dense environments 
from the GHASP survey and from a sample of gas-rich galaxies. We find that most of 
the Hickson compact group galaxies lie on the K-band Tully-Fisher relation defined 
by field galaxies with a few low-mass outliers, namely HCG 49b and HCG 96c, which 
appear to have had strong recent burst of star formation. The stellar Tully-Fisher 
relation for compact group galaxies presents a similar dispersion to that of the K-band 
relation, and it has no significant outliers when a proper computation of the stellar 
mass is done for the strongly star-forming galaxies. The scatter in these relations 
can be reduced if the gaseous component is taken into account, i.e., if a baryonic 
Tully-Fisher relation is considered. In order to explain the positions of the galaxies off 
the K-band Tully-Fisher relation we favour a scenario in which their luminosities are 
brightened due to strong star formation or AGN activity. We argue that strong bursts 
of star formation can affect the B and K-band luminosities of HCG 49b and HCG 
96c and in the case of the latter also AGN activity may affect the K-band magnitude 
considerably, without affecting their total masses. 

Key words: galaxies: evolution, galaxies: interactions, galaxies: kinematics and dy- 
namics 



1 INTRODUCTION 

There has been increased interest in the past years in the 
use of the Tully-Fisher relation (TF) as a means of quanti- 
fying galaxy evolution as a function of redshift. Given that 
it is well known that interactions are much more frequent in 
the distant universe than at present, one must understand 
the effects of the dense environments over the structure of 
nearby galaxies before attempting to understand evolution- 
ary effects as a function of redshift (e. g. Kannappan et al. 
2004). 

A powerful way to analyze the Tully-Fisher relation is 
to take into account not only the stellar mass but also the 
gaseous mass of the galaxies and therefore to have an es- 
timate of the total baryonic mass. This relation has been 
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studied by several authors (McGaugh 2000, Bell et al. 2003b, 
Geha et al. 2006, Kassin et al. 2006, Torres-Flores et al. 2011, 
Foreman & Scott 2011, Gnedin 2011, McGaugh 2011) and 
it has been shown to be very important in the evolution 
of galaxies and in the determination of parameters such as 
the mass-to-light ratio for late-type galaxies (Bell & de Jong 
2001). 

In the last years, most of the studies of the baryonic 
Tully-Fisher relation (BTF) have focussed on dwarf galax- 
ies, gas dominated and extremely low-mass systems (Geha 
et al. 2006, Stark et al. 2009 and Begum et al. 2008 respec- 
tively). No comparison between the BTF for field and inter- 
acting galaxies has been carried out. Whether tidal forces 
can remove some of the dark halo in interacting galaxies 
(Rubin et al. 1991) is still an open question, especially when 
some works do not show large differences in the dark mat- 
ter distribution of interacting galaxies with respect to field 
galaxies (e. g. Plana et al. 2010). 

Among the best places to study interacting galaxies are 
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compact groups, where tidal encounters are common, due to 
the low velocity dispersion of the group and the high spa- 
tial density of the galaxies. Therefore, it is expected that 
interactions have disturbed the kinematics and/or the star 
formation rate of galaxies in compact groups. One of the 
first catalogues of compact groups was published by Hickson 
(HCG, 1982). This catalogue contains a sample 100 groups, 
which are in different evolutionary stages. These groups have 
been studied extensively, in order to understand the evolu- 
tion of galaxies in dense environments. 

As shown in Mendes de Oliveira et al. (2003) and 
Torres-Flores et al. (2010), most of the HCG galaxies lie on 
the B-band TF relation, with a few low-mass outliers. The 
low-mass galaxies tend to present a low rotational velocity 
for their observed luminosity or a high luminosity for their 
observed rotational velocity. If included in the fit, these low- 
mass galaxies affect strongly the determination of the slope 
and zero-point of the TF relation. 

In this paper we study for the first time the K-band, 
stellar and baryonic TuUy-Fisher relations for a sample of 
HCG galaxies and compare them with the corresponding 
relations for galaxies in less dense environments. Here, we 
also attempt to find possible explanations for the location of 
the outlying positions of the low-mass galaxies in the B-band 
compact group TF relation (Mendes de Oliveira et al. 2003 
and Torres-Flores et al. 2010). Studying the K-band, stellar 
and baryonic TuUy- Fisher relation we could investigate if the 
mass of the galaxies could be truncated due to interactions 
or if a burst of star formation could be strong enough to 
increase the luminosity of these objects, pushing them off 
the TF-relations. In order to carry out this analysis, we have 
used a sample of Hickson compact group galaxies for which 
rotation curves and photometry are available (Mendes de 
Oliveira et al. 2003 and Torres-Flores et al. 2010). As control 
sample we have used a sample of non-interacting galaxies 
from the GHASP survey, for which the baryonic TuUy-Fisher 
relation has been recently studied by Torres-Flores et al. 
(2011). These authors found that the baryonic TF relation 
for the GHASP sample is in agreement with cosmological 
predictions (e. g. Bullock et al. 2001). The GHASP sample 
has been complemented with a sample of gas-rich galaxies, 
which was published in McGaugh et al. (2012). This paper 
is organized as follows. In §2 we present the data. In section 
§3 we present our results. In §4 we discuss our results and 
in §5 we give our conclusions. 



2 DATA 

2.1 Sample 

The sample of Hickson compact group galaxies used in this 
work is composed by groups in the local universe, with radial 
velocities lower than 10500 km s^^. These groups are in 
different evolutionary stages, containing strongly to mildly 
interacting systems. 

Rubin et al. (1991) have reported that only a third of 
the galaxies in compact group have rotation curves which 
are well behaved enough to be placed in the TuUy-Fishor 
relation. In the same context, Torres-Flores et al. (2010) 
found that rotation curves can be derived for 68% of the 
observed HCG galaxies, suggesting that this fact could be 
associated with the complex kinematics of these systems. 



Furthermore, for this work, we have selected a sam- 
ple of 36 HCG galaxies for which rotation curves are pub- 
lished (Mendes de Oliveira et al. 2003 and Torres-Flores et 
al. 2010). 

Among the galaxies chosen in this study, a few have 
asymmetric rotation curves (common in systems in inter- 
action). Nevertheless, maximum velocities could still be de- 
rived, to place them in the TuUy-Fisher relation. 

It is important to note, that the rotation curves pub- 
lished by Mendes de Oliveira et al. (2003) and Torres-Flores 
et al. (2010) were derived from 2D velocity fields. The use of 
2D velocity fields in the construction of the rotation curves 
avoid any assumption about the major axis position angle 
and inclination of the galaxies as is the case for long-slit ob- 
servations. For the galaxies taken from Mendes de Oliveira 
et al. (2003), maximum rotational velocities were defined as 
the maximum values for the average velocities for the ap- 
proaching and receding sides. For the galaxies taken from 
Torres-Flores et al. (2010), maximum rotational velocities 
were computed as defined in Epinat et al. (2008a). 

Although the compact group galaxies studied here do 
not comprise a complete sample in magnitude, they are rep- 
resentative of the population of the most undisturbed com- 
pact group galaxies, and they span a similar range of abso- 
lute magnitudes and a similar mix of morphological types as 
the galaxies in the control sample. Despite its incomplete- 
ness, this sample allows a fair comparison of the positions of 
compact group and field galaxies in the TuUy-Fisher relation 
and identification of outliers. 



2.2 Control sample 

The control sample used for this study is from the Gassendi 
HAlpha survey of Spirals (GHASP; Garrido et al. 2002, 
2003, 2004, 2005, Epinat et al. 2008a,b). The GHASP survey 
is the largest sample of spiral and irregular galaxies observed 
with a Fabry-Perot instrument. It consists of 203 galaxies, 
covering a large range of absolute magnitudes. For all these 
galaxies, 3D Ha data cubes were recently analyzed in a ho- 
mogeneous way by Epinat et al. (2008a,b). These authors 
published velocity fields, rotation curves and maximum ve- 
locities iymax) for all the galaxies. 

By using K-band photometry (from 2MASS) and the 
Vmax published by Epinat et al. (2008a,b), Torres-Flores 
et al. (2011) studied the near infrared, stellar and baryonic 
TuUy-Fisher relation for 46 galaxies of the GHASP sam- 
ple. This sub-sample was selected in order to have galax- 
ies with inclinations higher than 25 degrees (to reduce the 
uncertainties on the rotational velocities), galaxies with ac- 
curate distance measurements and galaxies for which there 
were 2MASS K-band and Sloan Digital sky Survey pho- 
tometry (SDSS) photometry (the latter was required in 
order to estimate the mass-to-light ratio of the galaxies). 
In the end, this GHASP sub-sample covers a mass range 
of 8.91 s; log{Miaryouic/MQ) ^ 11.37. Torres-Flores et al. 
(2011) found that the slope of the baryonic TuUy-Fisher re- 
lation for the GHASP sample is in agreement with those 
determined by previous works (e. g. Geha et al. 2006). 

As we are interested in comparing the near infrared, 
stellar and baryonic TuUy-Fisher relations for galaxies in dif- 
ferent environments, it is important to note that, for both 
samples, velocity fields are available for all objects and the 
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the GHASP sample with the gas-rich galaxies studied by 
McGaugh (2012), who takes this sample from the previous 
works published by Begum et al. (2008), Stark et al. (2009) 
and Trachternach et al. (2009). As McGaugh (2012) lists the 
stellar and gaseous mass of the gas-rich sample, we will use 
it in the comparison of the stellar and baryonic Tully-Fisher 
relations. 
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Figure 1. Top Panel: Rotation curve for UGC 7901, which shows 
a symmetric behaviour. Bottom panel: Rotation curve for UGC 
6537. This curve displays a clear asymmetry between the receding 
and approaching sides. 



samples were analyzed in the same way, using the same pro- 
cedures to obtain the rotation curves and the maximum 
rotational velocity of each galaxy. These facts make the 
GHASP sub-sample a suited sample for comparing the HCG 
Tully-Fisher relation and allows us to perform a fair compar- 
ison between both samples. In this sense, systematic errors 
should not affect our main results. 

Torres-Flores et al. (2011) divided the GHASP sample 
between galaxies displaying symmetric, slightly asymmet- 
ric and asymmetric rotation curves. In this paper, we have 
included the slightly asymmetric and asymmetric rotation 
curves in just one class. Therefore, in the comparisons of 
the Tully-Fisher relations, the GHASP sample will be di- 
vided in symmetric and asymmetric rotation curves. As an 
example, in Fig. [T] we show a symmetric and an asymmetric 
rotation curve coming from the GHASP sample, where the 
figures were taken from Epinat et al. (2008) and Epinat et 
al. (2008b) (top and bottom panel respectively). 

Given that we are interested in the location of the low- 
mass HCG galaxies on the Tully-Fisher relation defined by 
galaxies in less dense environments, we have complemented 



2.3 Photometry 

We used the K-band magnitudes within the isophote of 20 
mag arcsec"^ (mif2o) from 2MASS (Skrutskie et al. 2006) for 
the HCG sample, given that this band is more refiective of 
the stellar content of galaxies and is less affected by dust and 
ongoing star formation than optical bands. K-band magni- 
tudes were corrected for Galactic extinction {Ak) using the 
Schlegel maps (Schlegel et al. 1998). Extinction corrections 
due to the inclinations were applied using the method given 
in Masters et al. (2003). k-corrections (fcx) were also taken 
from that study. Absolute magnitudes were obtained using: 



Mk = mK20 " 5 X log(D) + kn - Ak - 25 



(1) 



where D = vvir/Ho- Here, vvir corresponds to the he- 
liocentric radial velocity of the galaxy, corrected for Local 
Group infall onto Virgo, from Hyperleda and Ho=75 km s~^ 
Mpc^^. For HCG 2a, we measured the K-band magnitude 
within the isophote of 20 mag arcsec"^ using the task EL- 
LIPSE in IRAfQ, finding that this object should be 0.77 
magnitudes brighter than the value given in 2MASS. We 
also perform this comparison for other galaxies (in partic- 
ular for HCG 49b and HCG 96c) and the values obtained 
using ELLIPSE were in perfect agreement with those given 
by 2MASS. In the following, we will use the K-band mag- 
nitude of HCG 2a obtained from our analysis. For all other 
galaxies mK20, from 2MASS, was used. Columns 1 and 2 in 
Table [T] list the name and K-band absolute magnitudes for 
the HCG galaxies. 

Finally, K-band luminosities were estimated using 



10 



-0.4(Mk-3.41) 



(2) 



In the case of B-band luminosity, it was derived using: 



Lb = 10 



-0.4{i\fB-5.49) 



(3) 



where Ms was estimated as in Torres-Flores et al. 
(2010). 



2.4 Fitting method 

In order to do a fair comparison of the Tully-Fisher relation 
for HCG and field galaxies, we have used the same fitting 
procedure as Torres-Flores et al. (2011) for the GHASP sam- 
ple. Basically, we perform a linear fit to the observed data, 
taking into account the uncertainties in the magnitudes (or 
masses) and also in the rotational velocities. In order to 
take into account the intrinsic dispersion of the Tully-Fisher 
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relation, we have added a dispersion factor (e) to the un- 
certainties of the K-band, stellar and baryonic masses, as 
suggested by Tremaine et al. (2002). The slope and zero- 
points of the TuUy-Fisher relation were obtained by using 
the IDL routine MPFITEXY (Williams, Bureau & Cap- 
pellari 2010), that depends on the MPFIT package (Mark- 
wardt 2009). Here, e was automatically estimated in order 
to reach a x^ of unity per degree of freedom. We note that 
in all the plots regarding the TuUy-Fisher relation we have 
used the whole GHASP sub-sample studied by Torres-Flores 
et al. (2011), i. e. galaxies having baryonic masses between 
8.91 < log{Mbaryonic / Mq) ^ 11.37. This range in masses is 
larger than the range covered by the HCG sample studied 
in this work. 



2.5 Archival data 

In order to extend our analysis to other wavelengths, we 
have searched for ancillary data. Photometry in the u, g, r, 
i, and z bands and spectra were found in the SDSS database, 
GALEX NUV and FUV magnitudes were available in the 
GALEX archive and photometric data points in the B and 
R-bands were taken from the NED database. 



3 GALAXY MASSES 

3.1 Stellar masses 

In order to estimate the stellar mass of the galaxies, we 
need to assume a mass-to-light ratio (T*). Several authors 
have used stellar population synthesis models to correlate 
T* with the colors of the galaxies (e.g. Bell & de Jong 2001, 
Bell et al. 2003, Portinari et al. 2004). Recently, Torres- 
Flores et al. (2011) showed that the use of different models 
in the determination of the stellar masses does not change 
significantly the slope of the baryonic TF for the GHASP 
sample. These authors favor the recipes given by Bell et al. 
(2003) given that these models are an updated version of the 
models shown in Bell & de Jong (2001) and given that these 
models have been used by other authors in the study of the 
stellar TuUy-Fisher relation, which facilitate the comparison 
of the slope of this relation. In order to do a fair comparison 
of the HCG sample with the control sample, we have used 
the recipes given in Bell et al. (2003) to estimate the T* 
and the stellar masses of compact group galaxies (as also 
used in Torres-Flores et al. 2011 for the GHASP sample), 
following equation 2] In this case, we use the colors B-R 
given in Hickson (1993). 



^^^^Q-0.264+0.138(S-fl)^^ 



(4) 



The K-band is susceptible to uncertainties in the contri- 
bution of TP-AGB stars (e.g. Portinari et al. 2004, Zibetti 
et al. 2009), which are not accounted for in the Bell et al. 
(2003) models. We then would expect that galaxies that have 



2 Torres-Flores (2011) used the FITEXY routine to obtain the 
different estimations of e for the GHASP sample. In this work, 
we have compared the results obtained from FITEXY and MP- 
FITEXY on the HCG sample and we found that both codes give 
the same values for e. 



significant contributions from TP-AGB stars will stand out 
in the TF relations. 



3.2 Baryonic masses 

The mass of a galaxy is constituted of stars, HI gas, molecu- 
lar gas and dark matter. The sum of the different gas masses 
to the stellar content corresponds to the baryonic matter. 
We have searched, in the literature, for individual HI mea- 
surements for the galaxies in our sample of compact group 
galaxies. Recently, Borthakur et al. (2010) presented the HI 
content of 22 Hickson compact groups, however, these au- 
thors did not list the HI masses of individual galaxies. On 
the other hand, Verdes-Montenegro et al. (2001) listed the 
individual HI masses for 13 galaxies in common with our 
sample: HCG 2a, 2b, 2c, 16a, 16c, 40c, 40e, 88a, 88b, 88c, 
88d, 96a and 96c. When no HI measurement is available in 
the literature (for the other 22 galaxies) we computed the 
expected HI mass for each galaxy given its B-band luminos- 
ity and morphological type following the procedure given by 
Haynes & Giovanelh (1984): 

Afo7 = 10"i+"^''^*' X is (5) 

where cl, c2 and SM are values that depend on the 
morphological types and magnitudes of the galaxies, respec- 
tively. Morphological types were taken from Hickson (1993) 
and converted into the morphological system defined by 
Haynes & Giovanelli (1984). B-band luminosities were com- 
puted using equation [3] In the case of HCG galaxies, it is 
well known that some of the HI gas is found outside the disk 
of the galaxies, due to tidal effects. This may be an issue 
given that these environments are expected to have a high 
frequency of interaction. Interestingly, Verdes-Montenegro 
et al. (2001) noted that there is no one-to-one correlation 
between the presence of gaseous tidal tails and the HI con- 
tent of compact groups, i. e. groups having tidal tails are not 
necessarily deficient in HI. Verdes-Montenegro et al. (2001) 
found that HCG galaxies have, on average, about 24% of 
their expected HI masses. Thus the computed HI masses 
(using equation (Sj for HCG galaxies may be upper limits. 

In an attempt to refine our estimation for the individ- 
ual HI masses of HCG galaxies (with no HI observations), 
we have scaled the individual predicted HI masses depend- 
ing on their morphological types. To do this exercise, we 
have used the sample of HCG galaxies for which Verdes- 
Montenegro et al. (2001) published the observed and pre- 
dicted HI masses (Table 3 in that article). We divided that 
sample (37 galaxies) in four bins of morphological types (T) 
and then we estimated the fraction of the observed HI mass 
with respect to the predicted HI mass (for each morpholog- 
ical bin). We found that galaxies with morphological types 
between 10^T^7, 7>T>4, 4>T^0 and 0>T>5 have 49%, 
81%, 26% and 19% of their predicted HI masses, respec- 
tively. Therefore, we used these scaling factors to correct 
the predicted HI masses of the HCG for which there are no 
observations (and were the masses were estimated by using 
equation [Sj. Errors in the predicted-and-scaled HI masses 
were taken as the mean of the difference between the pre- 
dicted and observed HI masses for each morphological bin. 
The same errors were adopted for the observed HI masses 
(given that no errors were quoted by Verdes-Montenegro et 
al. 2001). 



The TF relation for HCG galaxies 5 



Torres-Flores et al. (2011) showed that the inclusion of 
the H2 gas component in the computation of the baryonic 
masses of GHASP galaxies does not affect significantly the 
slope of the baryonic TF relation, therefore, we have not 
taken this component into account in this study. 

The total mass in gas is related to the HI mass through: 



Mgas = IAMhi 



(6) 



(McGaugh et al. 2000), where the factor 1.4 takes into 
account the correction for helium and metals. Finally, the 
baryonic mass is defined as the sum of the stellar and gaseous 
content: 



Mbar = M^+ Mgas 



(7) 



In Table [T] we hst the main parameters of each HCG 
galaxy. Columns 1 to 4 give the name, K-band absolute mag- 
nitudes, maximum rotational velocities and B-R colors. Col- 
umn 5 lists the mass-to-light ratio for each galaxy, following 
Bell et al. (2003). Values for the stellar masses are shown 
in column 6. In column 7 we list the total gas masses, cal- 
culated using the observed HI masses (for HCG 2a, 2b, 2c, 
16a, 16c, 40c, 40e, 88a, 88b, 88c, 88d, 96a and 96c) and the 
predicted and corrected/scaled HI masses (for the remaining 
galaxies), as described in §2.5. In both cases the HI masses 
were corrected by helium and metals. Column 8 corresponds 
to the baryonic masses (Mt-I-Mgas). Finally, in column 9 we 
list the total mass for each galaxy at the optical radius R25 
(estimated as Mtot = VmaxR25/G). 



4 TULLY-FISHER RELATIONS 

4.1 K and B-band TuUy-Fisher relations 

The K-band TF relations are plotted for HCGs (red filled 
circles) and GHASP galaxies (black squares) in the right 
panel of Fig. [2l where the filled black squares represent 
symmetric rotation curves while empty black squares show 
asymmetric curves. To allow a comparison of the K-band 
TF relation with the B-band relation we included in the left 
panel of Fig. [2] the corresponding B-band TF relation for 
the same samples (Epinat et al. 2008b and Torres-Flores et 
al. 2010). Given that neither Torres-Flores et al. (2010) nor 
Epinat et al. (2008b) published the errors in the B-band 
magnitudes, the black dashed lines of the B-band TuUy- 
Fisher relation were estimated from an ordinary least square 
bisector fit on the GHASP data. In the case of the K-band 
relation, a linear fit for the HCG galaxies yields: 



Mk = (-10.43 ± 1.94) - (5.68 ± 0.87)[log{V,naa:)] 



(8) 



Here we obtained an intrinsic dispersion factor of 0.97 
mag. In the case of compact groups, most of the galaxies lie 
on the K-band TF relation defined by the GHASP galax- 
ies (black dashed lines), but presenting a larger dispersion 
than field galaxies (0.97 versus 0.76). Some of the low-mass 
galaxies show higher luminosities for their measured rotation 
velocities or too low rotational velocities for their luminosi- 
ties. This result was also found for the B-band TF relation 
studied in Mendes de Oliveira et al. (2003) and Torres-Flores 
et al. (2010) as can be seen in the left panel of Fig. (2] More 
specifically, HCG 49b and HCG 96c are off the relation de- 
fined by the GHASP galaxies (in the K-band) by more than 
2a. 



Interestingly, HCG 96c is located within 2a in the B- 
band TF relation (left panel in Fig. [2]). In the case of HCG 
49b, this galaxy is outside the K-band and optical TuUy- 
Fisher relations by more than 2a. Torres-Flores et al. (2011) 
found two field galaxies from the GHASP sample that are 
also off the B and K-band Tully-Fisher relation by more 
than 2a (having higher luminosities for their rotation or too 
low rotational velocities for their luminosities). However, we 
note that the GHASP galaxies that lie ofi' the Tully-Fisher 
relation display asymmetric rotation curves and therefore 
large non-circular motions. Also, all but one GHASP outlier 
galaxy displays rising rotation curves which suggests that 
these objects probably do not reach their maximum rota- 
tional velocities (this is not the case of HCG 49b and HCG 
96c). 



4.2 Stellar TF relation 

Stellar masses were at first obtained for all galaxies in our 
sample using equation 4. Given that we are using absolute 
magnitudes of HCG galaxies to derive their stellar masses we 
may expect that the outliers from the K-band Tully-Fisher 
relation, HCG 49b and HCG 96c, may display high stellar 
masses for their rotational velocities, if we use equation 4, 
which is indeed the case. 

This gave us a hint that for these two galaxies, for some 
reason (described below and fully discussed in §4), we may 
need a more representative determination of the stellar mass, 
independent of the luminosity of the galaxy. 

This was indeed confirmed for HCG 49b from its spec- 
trum shown in the right panel of Fig. [3l typical of an HII 
galaxy. Certainly equation 4 will not give a good determi- 
nation for the stellar mass of a highly star bursting galaxy. 
Likewise, although we do not have an available spectrum, 
for HCG 96c Laurikainen & Moles (1988) found that it has 
line ratios similar to those present in HII regions and they 
concluded that this galaxy could be fit with models with a 
recent burst of star formation. In the case of HCG 96c, we 
also had an additional hint that its K-band luminosity was 
not a good representation of the stellar mass given that the 
stellar mass obtained from equation 4 was in fact larger than 
that obtained from its rotation curve. Therefore, these two 
galaxies had their stellar masses computed differently from 
the rest of the sample, i. e. for these we did not use equation 
4. 

We describe below what was done in these two cases. 
We have searched for spectroscopic and multi wavelength 
photometric information in the literature with the aim of 
estimating not only their stellar masses but also other phys- 
ical parameters (e. g. metallicities). These will be further 
discussed in 54. 



4.2.1 HCG 4% 

Using the spectral synthesis model STARBURST99 (here- 
after SB99, Leitherer et al. 1999) and observed fiuxes taken 
from the literature, we have fitted the spectral energy dis- 
tribution (SED) of the galaxy HCG 49b. We have assumed 
an instantaneous burst, with a Salpeter Initial Mass Func- 
tion (IMF) and metallicities of Zq =0.004, 0.008 and 0.02 
(where the latter value correspond to the solar case). Ob- 
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Figure 2. B-band (left panel) and K-band (right panel) TuUy-Fisher relation for the HCG sample (red filled dots). In the left panel, 
the GHASP sample is plotted as black filled squares. In the right panel, we have divided the GHASP sample for galaxies that display 
symmetric rotation curves (filled black squares) and asymmetric rotation curves (empty squares), following Torres-Flores et al. (2011). 
The black dashed lines represent the linear fit and a dispersion of la (see §2.6) on the GHASP data. The red vertical line indicate a 
rotational velocity of 100 km s~^. 
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Figure 3. Left Panel: Spectral energy distribution for HCG 49b. The continuous line corresponds to a single stellar population model, 
with an age of 8 Myrs, Z=Zq/5 and Salpeter IMF. Filled dots represent the observed fluxes. Right panel: Optical spectrum of HCG 49b 
(taken from SDSS), which shows the absence of continuum emission in this galaxy. 



served fluxes range from far ultraviolet to near infrared, us- 
ing FUV and NUV from GALEX, u, g, r ,i from SDSS, 
B-band, R-band from NED and J, H, K from the 2MASS 
database. We corrected the FUV flux by internal extinc- 
tion (Afuv), following the recipes given in Cortese et al. 
(2008) and Seibert et al. (2005). We have used these two 
methods in order to know which one reproduces the true 
UV light for HCG 49b. Also, we used these recipes because 
these authors used explicitly the FUV-NUV colors to es- 
timate the internal extinction instead of using far infrared 
data (60 and 100/^m fluxes), which are contaminated by flux 
from the neighbors, in the case of HCG 49b. For this galaxy, 
we obtain Afuv~1-73 and Af!7v=2.95, following Cortese 



et al. (2008) and Seibert et al. (2005), respectively. In order 
to correct for internal extinction of HCG 49b in other bands, 
we have used the Afuv value and the recipe from Boselli et 
al. (2003), using the galactic extinction law given in Savage 
& Mathis (1979). In Fig. [3] (left panel) we show the result 
of the spectral energy distribution fltting. The best flt was 
obtained using a x^ test, for a burst of 8 Myr, Z=Zq/5, a 
initial mass of 10* Mq and a FUV magnitude corrected by 
internal dust following Cortese et al. (2008). 

In order to determine the oxygen abundance of HCG 
49b, we have used its optical spectrum, taken from the 
SDSS, which is shown in Fig. |3] (right panel). Reddening 
was corrected using the Balmer lines ratio. Intrinsic Hq/H/3 
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Table 1. Main parameters of the HCG sample 



Galaxy 


Mx 


^ max 


B-R 


Tk 


log M* 


log Mgas 


log Mfcar 


log Mtot 


HCG 


mag 


km s"-"- 


mag 




Me 


M© 


M© 


M© 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 



2 a 


-22.50±0.08* 


264±39 


0.88 


0.72 


10.22±0.11 


10.33±0.14 


10.58±0.09 


11.27 


2 b 


-22.56±0.07 


196±74 


1.14 


0.78 


10.28±0.10 


9.34±0.69 


10.33±0.12 


10.72 


2 c 


-20.71±0.11 


122±13 


1.10 


0.77 


9.54±0.11 


9.70±0.31 


9.92±0.19 


10.51 


7 a 


-24.55±0.02 


226±27 


1.48 


0.87 


11.12±0.10 


9.47±0.74 


11.13±0.10 


11.25 


7c 


-23.44±0.07 


168±7 


1.19 


0.79 


10.64±0.10 


9.89±0.20 


10.71±0.09 


11.00 


7d 


-21.64±0.09 


85±4 


1.12 


0.78 


9.91±0.11 


8.81±2.29 


9.94±0.20 


10.23 


10 d 


-22.55±0.06 


149±16 


1.52 


0.88 


10.33±0.10 


9.05±1.94 


10.35±0.14 


10.66 


16 a 


-24.53±0.02 


247±17 


0.82 


0.71 


11.03±0.10 


9.22±1.34 


11.03±0.10 


11.08 


16 c 


-23.74±0.03 


229±6 


1.04 


0.76 


10.74±0.10 


9.63±0.35 


10.77±0.10 


10.97 


19 a 


-23.20±0.04 


144±13 


1.56 


0.89 


10.60±0.10 


8.46±5.21 


10.60±0.11 


10.53 


19 b 


-21.70±0.09 


90±5 


1.28 


0.82 


9.96±0.11 


8.72±4.17 


9.98±0.25 


10.07 


19 c 


-19.97±0.19 


115±22 


1.12 


0.78 


9.24±0.13 


9.30±1.51 


9.57±0.81 


10.42 


37 d 


-20.93±0.13 


76±7 


0.51 


0.64 


9.54±0.11 


8.83±4.44 


9.62±0.73 


9.81 


40 c 


-24.51±0.03 


203±3 


2.00 


1.03 


11.18±0.10 


9.11±1.72 


ll.18it0.10 


11.17 


40 e 


-22.66±0.07 


186±40 


1.84 


0.98 


10.42±0.10 


8.37±9.47 


10.42±0.13 


10.77 


49 a 


-21.83±0.15 


154±28 


1.04 


0.76 


9.98±0.12 


9.60±0.38 


10.13±0.14 


10.72 


49 b 


-21.21±0.21 


58±6 


0.90 


0.72 


8.00 


9.31±1.49 


9.33±1.42 


9.83 


56 a 


-24.52±0.08 


205±14 


1.51 


0.88 


11.12±0.11 


9.87±0.21 


11.14±0.10 


11.17 


68 c 


-23.95±0.03 


244±8 


1.10 


0.77 


10.83±0.10 


9.39±0.89 


10.85±0.10 


11.25 


87 a 


-25.12±0.04 


410±16 


1.86 


0.98 


11.40±0.10 


9.67±0.32 


11.41±0.10 


11.92 


87 c 


-22.74±0.10 


195±9 


1.28 


0.82 


10.37±0.11 


9.85±0.21 


10.49±0.10 


11.04 


88 a 


-24.80±0.04 


315±16 


1.56 


0.89 


11.24±0.10 


9.27±1.19 


11.24±0.10 


11.61 


88 b 


-24.37±0.05 


303±11 


1.51 


0.88 


11.06±0.10 


9.66±0.49 


11.07±0.10 


11.45 


88 c 


-22.51±0.09 


123±2 


0.99 


0.75 


10.24±0.11 


10.16±0.11 


10.50±0.08 


10.58 


88 d 


-22.49±0.09 


153±3 


1.31 


0.83 


10.28±0.11 


9.73±0.29 


10.38±0.10 


10.84 


89 a 


-23.17±0.11 


210±4 


1.16 


0.79 


10.53±0.11 


9.98±0.16 


10.64±0.09 


11.23 


89 b 


-22.38±0.11 


138±3 


1.01 


0.75 


10.19±0.11 


9.69±0.31 


10.31±0.11 


10.72 


89 c 


-22-03±0.13 


180±1 


1.11 


0.77 


10.07±0.11 


9.54±0.44 


10.18±0.13 


10.80 


91 a 


-25.45±0.04 


271±55 


1.09 


0.77 


11.43±0.10 


10.15±0.11 


11.45±0.10 


11.52 


91 c 


-23.00±0.09 


112±10 


1.08 


0.77 


10.45±0.11 


9.60±0.38 


10.51±0.11 


10.51 


93 b 


-23.71±0.05 


235±22 


1.30 


0.82 


10.76±0.10 


10.07±0.13 


10.84±0.09 


11.35 


96 a 


-25.50±0.05 


201±6 


1.33 


0.83 


11.48±0.10 


10.06±0.19 


11.50±0.10 


11.25 


96 c 


-23.89±0.06 


88±5 


1.61 


0.91 


9.65 


9.28±1.60 


9.81±0.47 


10.08 


100 c 


-21.71±0.10 


87±27 


1.23 


0.80 


9.95±0.11 


9.32±0.73 


10.04±0.16 


10.14 


100 d 


-20.31±0.17 


114±4 


1.18 


0.79 


9.39±0.12 


9.20±0.97 


9.60±0.39 


10.25 



Column (1): Galaxy identification. Column (2): K-band absolute magnitude. Note that the value for galaxy 2a (marked with an asterisk) 
was obtained by us, when reanalyzing the 2MASS K-band image, and it is 0.77 mag brighter than the value given in 2MASS (m/f20 = 12.17 
instead of 11.40 mag). Column (3); Maximum rotational velocity. Vmax values were taken from Torres-Flores et al. (2010). Column (4): 
Colors B-R taken from Hickson (1993). Columns (5): mass-to-light ratio calculated from Bell et al. (2003). Columns (6); stellar masses 
estimated by using T/f (column 5) and the K-band luminosity of each galaxy, except in the case of HCG 49b and HCG 96c (see §4.2). 
Column (7): Gaseous masses. These values correspond to the HI masses corrected by helium and metals, i. e. Mgas = lAMui- In the 
case of HCG 2a, 2b, 2c, 16a, 16c, 40c, 40e, 88a, 88b, 88c, 88d, 96a and 96c we used the observed HI masses listed in Verdes-Montenegro et 
al. (2001). In the remaining cases we used the predicted-scaled HI masses (see §2.5). Column (8): Baryonic masses (M*-tMgas). Column 
(9): Total masses at the optical radius R25 (estimated as Mtot = Vmax^25/G) 



ratio was taken from Brocklehurst (1971) for an effective 
temperature of 10000 K and Ne = 100. In order to estimate 
the metallicity of HCG 49b, we have used the N2 calibrator, 
proposed by Denicolo, Terlevich, & Terlevich (2002), which 
is defined as the logarithm of the [N II] 6584/Hq ratio. The 
range in which this ratio can be used as a proxy for metal- 
licity estimation corresponds to —2.6 < N2 < 0.0 (Denicolo, 
Terlevich, & Terlevich 2002, see also Fig. 4 in Queyrel et al. 
2011) which is the range in which HCG 49b lies. The oxygen 
abundance derived for this galaxy, using the SDSS spectrum 
was 12-tlog(O/H)=8.24±0.14. Using the log[NII]/Ha ratio 



given in Martinez et al. (2010) for HCG 49b, we found a sim- 
ilar oxygen abundance of 12-flog(O/H)=8.15±0.14. These 
values are typical of moderately low metallicity galaxies, 
given that solar metallicity is 12-|-log(0/H)©=8.91 (Deni- 
colo, Terlevich, & Terlevich 2002) and they are consistent 
with the sub-solar abundance derived from the SED analy- 



We also computed the Ha luminosity for an instanta- 
neous burst and a sub solar metallicity (Z© =0.004). We com- 
pared this result with the observed Ha luminosity given in 
Martinez et al. (2010). We found that the observed Ha lu- 
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Figure 4. Stellar (left panel) and baryonic (right panel) TuUy-Fisher relation for the HCG sample (red filled dots). In both panels, 
we have divided the GHASP sample for galaxies that display symmetric rotation curves (filled black squares) and asymmetric rotation 
curves (empty squares), following Torres-Flores et al. (2011). The black dashed lines represent the linear fit and a dispersion of la (see 
§2.6) on the GHASP data. Gas-rich galaxies (McGaugh et al. 2012) are shown by empty stars. The red vertical line indicate a rotational 
velocity of 100 km s~^. 



minosity corresponds to a burst of ~9 Myrs. This value for 
the age is, however, an upper limit, given that the observed 
luminosity is not corrected by dust. This age is in agreement 
with the value obtained from the SED fitting analysis shown 
above. 



4.2.2 HCG 96c 

There was no spectrum available in the SDSS for the galaxy 
HCG 96c. We then used the log[NII]/Ha ratio given in 
Martinez et al. (2010) to estimate an oxygen abundance 
of 12-|-log(O/H)=8.93±0.08 for this galaxy. This result is 
discussed in §4.2.2. For HCG 96c, Plana et al. (2010) stud- 
ied its mass distribution. In the case of the stellar disk of 
this object, these authors found a mass of 4.5x10^ Mq and 
3.1x10® Mq, when an isothermal sphere and a NFW model 
were assumed for the dark halo distribution, respectively. 
Given that the isothermal sphere model gives the highest 
value for the stellar disk of HCG 96c (and therefore an up- 
per limit to the stellar mass), we will use this value as the 
total stellar mass of this object (Plana et al. 2010 did not 
published the uncertainties in the stellar masses). 



4.2.3 Final Stellar Tully-Fisher relation 

In Fig. [4] (left panel) we plot the stellar Tully-Fisher rela- 
tion for the HCG sample (red filled circles). The GHASP 
galaxies are represented by black filled and empty squares 
(as discussed in the previous section), while the McGaugh et 
al. (2012) sample is shown by empty stars. The black dashed 
lines correspond to the relation defined by the GHASP sam- 
ple (Torres-Flores et al. 2011). In this Figure, two vertical 
arrows indicate the position of the galaxies HCG 49b and 



96c. Inspecting Fig. |4] (left panel) we found that most of 
the HCG galaxies lie on the stellar TF relation defined for 
galaxies in less dense environments. Four HCG galaxies lie 
slightly off the la relation defined by GHASP. Interestingly, 
the K-band Tully-Fisher outliers (HCG 49b and 96c) he on 
the relation defined by GHASP, when their actual stellar 
masses are used. Specially in the case of HCG 49b, this ob- 
ject lies at the location where most of the McGaugh (2012) 
galaxies lie. In order to quantify the stellar TF relation for 
HCG galaxies, we have performed a linear fit on the data 
(equation[9ll . In this case, we obtained an intrinsic dispersion 
factor of 0.37 dex in the stellar mass. 



M* = 10 



{3.25±0.79) 



K 



(3.22±0.36) 
max 



(9) 



We find that the stellar TF relation for the HCG sample 
presents a larger dispersion than the relation defined for the 
GHASP sample, which has a dispersion factor of 0.31 dex in 
the stellar mass. We also find that the slope (a) of the HCG 
TF relation differs significantly from the slope of the GHASP 
sample (which is a = 4.38 ±0.38). Torres-Flores et al. (2010) 
showed that the inclusion of HCG galaxies with rotational 
velocities lower than 100 km s~^ in the computation of the 
B-band TF relation strongly affects the slope of this relation. 
In the case of the stellar relation, the exclusion of galaxies 
with rotational velocities lower than 100 km s~^ (red vertical 
dashed line in Fig. |4| yields a slope of a = 3.26 ±0.50, which 
is similar to the slope derive for the whole HCG sample. 
Clearly, more low-mass HCG galaxies have to be observed 
before this matter ca be settled. 
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mass in the baryonic TF relation. Predicted HI (and gaseous) 
mass: red stars. Actual gaseous mass; black circles. No gaseous 
mass: blue triangles. The baryonic TuUy-Fisher relation defined 
by the GHASP sub-sample is indicated by dashed lines (Torres- 
Flores et al. 2011). 



4.3 Baryonic TF relation 

We plot in Fig. [4] (right panel) the baryonic masses obtained 
as described in §2.4 versus the rotational velocities for each 
galaxy in the HCG (red filled circles) and GHASP (black 
filled and empty squares) samples. In the same figure, we 
have included the sample of McGaugh et al. (2012, empty 
stars). In this baryonic TF relation we find that most of 
the HCG galaxies lie on the relation defined for galaxies in 
less dense environments (black dashed lines, Torres-Flores 
et al. 2011). Taking into account the error bars, just two 
HCG galaxies lie off the la relation defined by the GHASP 
sample. Given the large uncertainties in the gaseous mass 
estimation, HCG low-mass galaxies display large error bars. 
We note that two GHASP galaxies he off the la relation. 
Both galaxies display asymmetric and rising rotation curves, 
which suggests that these objects probably do not reach 
their maximum rotational velocity, which can explain their 
position on the TF relation (in fact, Torres-Flores et al. 2011 
showed large uncertainties in the rotational velocity of these 
objects). Despite the few HCG galaxies which are slightly off 
the relation, it is clearly noticeable from a first inspection 
of the baryonic TF that this is the tightest relation among 
all TF relations studied so far in this paper (this point is 
discussed in more detail later on in this Section). 

As explained in §2.5, we have computed a predicted- 
and-scaled HI mass for those HCG galaxies with no individ- 
ual measurements of HI available in the literature. To test 
if this or other different assumptions (see below) will affect 
our results for the baryonic TF relation, we plot in Fig. [5] 
three slightly different determinations of the mass using (1) 
the predicted gaseous mass, with red stars, (2) the actual 
gaseous mass, with black circles (i.e. the individual gaseous 



mass for the 13 galaxies in common with Verdes-Montenegro 
et al. 2001 and the predicted-and-scaled HI masses for the 
remaining galaxies, as described in §2.5) and (3) no gaseous 
component, with blue triangles, (i.e., we assumed no mass in 
the form of gas). Dashed lines represent the baryonic TuUy- 
Fisher relation defined by the GHASP sub-sample (see bot- 
tom left panel of Fig.|4]). From Fig. [5] we conclude that using 
the predicted or observed gaseous mass does not influence 
strongly the position of the HCG galaxies in this plot. 

In order to compare the parameters for the baryonic TF 
relation obtained by using actual (i. e. observed for 13 ob- 
jects and predicted-and-scaled HI masses for the remaining 
ones) and predicted HI masses (from equation [5]), we used 
a linear fit (as described in §2.6) to quantify the slopes and 
zero points for the HCG sample (equations 1101 and II II) . 



T.r -iri(5-20±0.69)T/(2.42±0.30) 

Mhar, actual HI = iU Vmax 



^^^bar,pre 



10 



(5.21±0.71) r;-(2.41±0.31) 

• m.n..T 



(10) 
(11) 



In the first case, we obtained an intrinsic dispersion fac- 
tor of 0.23 dex in the baryonic mass, while in the second 
case we found a dispersion factor of 0.24 dex (we note that 
these fits were applied on the logarithmic values of Mbar and 
Vmua;). The fits listed above indicate that when the bary- 
onic masses are used in the TF relation (no matter if actual 
or predicted HI masses are used), the uncertainties in the 
slope and zero point are smaller than in the case of the stel- 
lar TF relation (equation [5|). We also note that the baryonic 
TF relation for the HCG galaxies (described by equations 
1101 and llip is tighter than the stellar relation shown in the 
left panel of Fig. 2] However, in all cases, the uncertainties 
in these parameters are larger than the same values derived 
for the GHASP sample (Torres-Flores et al. 2011). Also, the 
baryonic TF relation for HGC galaxies in our sample has 
a larger intrinsic dispersion factor (0.23 dex) than GHASP 
galaxies (which present a dispersion factor of 0.21 dex). We 
note that the use of the actual and/or predicted-and-scaled 
HI masses in the determination of the slope of the bary- 
onic TF relation produces a shallower slope than the value 
derived for the GHASP sample (a = 3.64 ± 0.28). 



5 DISCUSSION 

In this paper, we have computed masses of HCG galaxies 
and have compared the K-band, stellar and baryonic TF re- 
lations for galaxies in two different environments: in the field 
(GHASP sample) and in compact groups (HCG sample). 
As a complement, we have included the sample of gas-rich 
galaxies studied by McGaugh (2012). In the case of GHASP 
and HCG samples, the data were analyzed in the same way. 
Here, we summarize our main findings in this study so far: 

(i) We found that most of the HCG galaxies lie on the K- 
band TuUy-Fisher relation defined by field galaxies (GHASP 
survey and even gas-rich galaxies) with a couple of excep- 
tions for the galaxies HCG 49b and HCG 96c. 

(ii) We fit the SED of HCG 49b using a single stellar pop- 
ulation and we estimated its actual stellar mass, which cor- 
responds to ~10* M0. Using this value and the already pub- 
lished stellar mass of HCG 96c, we found that these K-band 
TuUy-Fisher outliers galaxies lie on the stellar and baryonic 
TuUy-Fisher relations defined by field galaxies. 
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Figure 6. Evolution of the B and K-band absolute magnitudes as 
a function of time for a single stellar population (SB99 models). 
Different ages are labeled in this figure. We assumed an instanta- 
neous burst, with a Salpeter IMF. 



the galaxies, having a single HI velocity gradient (Verdes- 
Montenegro et al. 2001). In the evolutionary scenario pro- 
posed by Verdes- Montenegro et al. (2001), HCG 49 is clas- 
sified as an evolved group. In addition, Torres-Flores et al. 
(2010) found that HCG 49b has a perturbed velocity field. 
This fact suggests that this galaxy has already experienced 
some interaction with its companions. 



6.1.2 HCG 96c 

The four galaxies of HCG 96 show signs of gravitational 
interaction and in particular HCG 96c is part of a close 
pair (HGC 96ac), which displays two faint and long stellar 
tails (Verdes-Montenegro et al. 1997). The HI distribution 
of this system is peculiar. HCG 96a presents two gaseous 
tidal tails that enclose the members HCG 96c and HCG 96d, 
suggesting that galaxy-galaxy interactions have taken place 
in this group (Verdes-Montenegro et al. 2000). Amram et 
al. (2003) found that HCG 96c has a peculiar velocity field, 
where the isovelocities are not regular. As in the case of 
HCG 49, this group has already experienced some events of 
galaxy-galaxy interactions. 



(iii) The scatter presented by HCG galaxies in the K- 
band, stellar and baryonic TF relations is always higher 
than the scatter of corresponding relations for field galaxies 
(GHASP sample). 

(iv) The scatter presented by HCG galaxies in the bary- 
onic TF relation is smaller than that presented in the stellar 
TF relation, no matter if predicted or observed HI masses 
are taken into account. This confirms the importance of tak- 
ing the gas component into account when determining the 
mass of a galaxy. 



6 THE CASE OF THE K-BAND OUTLIERS 
GALAXIES HCG 49B AND HCG 96C 

Given the importance of the scatter in the TuUy-Fisher re- 
lation, specially at high redshifts (where galaxy-galaxy in- 
teractions are quite common), we have studied the physical 
properties of the two K-band TuUy-Fisher HCG outliers: 
HCG 49b and HCG 96c. By using that information we will 
discuss the possible explanations for the location of the out- 
lying low-mass HCG galaxies in the TF relation. 



6.1 Their environment 

In order to understand the location of HCG 49b and HCG 
96c on the K-band TuUy-Fisher relation, it is necessary to 
know the environment in which these galaxies lie. Both HCG 
49b and HCG 96c are located in groups which are in quite 
advanced stages of evolution. 



6.1.1 HCG 49b 

For HCG 49, the four main galaxies of the system are known 
to have disturbed morphologies (Mendes de Oliveira et al. 
1992). This system has an HI halo that encompasses all 



6.2 Enhancement in star formation and 

consequent brightening of the galaxies 

Mendes de Oliveira et al. (2003) suggested that a few low- 
mass HCG galaxies have enhanced B-band luminosities due 
to star formation, most probably triggered by galaxy-galaxy 
interactions (where HCG 49b can be identified as an outlier) . 
In the K-band TF relation there are also at least two low- 
mass outliers (HCG 49b and HCG 96c). There may also 
be other examples (most probably HCG 89d, HCG 96d) 
which are outliers in the B-band TF but for which no K-band 
magnitudes are available. In order to explain the position 
of these galaxies in the TF relations we first analyze the 
possibility of the presence of strong ongoing star formation 
in these galaxies. 



6.2.1 HCG 49b 

In Fig. |3] we show the SED and the SDSS optical spec- 
tra of HCG 49b (left and right panels, respectively). This 
object is clearly dominated by star formation, displaying 
little continuum. As described in §3.4, the oxygen abun- 
dance measurement obtained for 49b is well below solar 
12+log(0/H)=8.15±0.14. We found fairly good agreement 
between the observed and the synthetic spectral energy dis- 
tribution of HCG 49b. Also, assuming an instantaneous 
burst, this object is apparently very young, having a total 
mass of about 10* M©. In view of these results, it is difficult 
to know if there is contribution of an old stellar population, 
given that the spectrum of HCG 49b is dominated by the 
star formation process that is taking place in this galaxy. In 
fact, HCG 49b has the highest Ha luminosity in the sam- 
ple of 200 HCG galaxies studied by Martinez et al. (2010), 
even higher than the Ha luminosity of the individual mem- 
bers of the merger system HCG 31. Therefore, HCG 49b has 
clearly a recent burst of star formation, which could increase 
its luminosity. 
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6.2.2 HCG 96c 

As determined in §3.2, the oxygen abundance of HCG 96c is 
12+log(O/H)=8.93±0.08. This value is sUghtly higher than 
the solar oxygen abundance given in Denicolo, Terlevich, & 
Terlevich (2002). If we assume a solar or super solar metal- 
licity and using starburst99 models, we find that for an in- 
stantaneous burst of a few million years, the B-band magni- 
tude does not change much while the K-band magnitude can 
change up to one magnitude (as shown in Fig.[Bl), supporting 
our observations. 

In fact, in a study of Seyfert galaxies and their compan- 
ions, Laurikainen & Moles (1988) found that HCG 96c has 
line ratios similar to those present in HII regions, finding also 
an over solar metallicity for this object. Using the observed 
Ha luminosity, these authors suggested that a star-forming 
process is going on in this galaxy. They also concluded that 
the spectrum of this galaxy could be fit with models with a 
recent burst of star formation. In view of these results and 
Fig. [S] it is possible that HCG 96c has changed its K-band 
luminosity in almost one magnitude and, at the same time, 
keeping its B-band luminosity with the same value as before 
the burst (Fig. (BJ. Maraston (1998) studied the evolution of 
stellar populations using synthetic models which take into 
account the contribution of thermally pulsing asymptotic gi- 
ant branch (TP-AGB) stars. She found that for an age of 
~700 Myrs, there is a large contribution of TP-AGB stars 
in the K-band luminosity, which is not taken into account in 
most models. If HCG 96c has experienced a burst which has 
evolved in time, the K-band luminosity could be strongly 
affected by TP-AGB stars, which seems to be the case in 
view of its position in the Tully-Fisher relation. 



6.2.3 Is the environment the main responsible to explain 
the outlier galaxies? 

The two K-band Tully-Fisher outliers HCG 49b and HCG 
96c are located in interacting groups. Both galaxies have 
the typical rotational velocities of late-type spiral galaxies, 
which exclude a mass truncation in these systems, and both 
galaxies present signatures of ongoing and recent star forma- 
tion. Also, HCG 96c appears as a transition object. Bitsakis 
et al. (2011) have recently showed that late-type galaxies in 
dynamically "young" HCG have similar star formation prop- 
erties as field galaxies. Also, these authors did not find any 
evidence of enhanced AGN activity in the different evolu- 
tionary stages of the groups. Therefore, HCG 49b and HCG 
96c do not present the same physical properties as the gen- 
eral sample of galaxies in HCG. 

Despite the small numbers of galaxies involved here, 
which hamper any strong conclusions, we can speculate 
that the environment plays a significant role in the loca- 
tion of low-mass galaxies in the Tully-Fisher relation. In- 
teracting low-mass galaxies located in dense environments 
may not follow the same Tully-Fisher relation defined by 
non- interacting galaxies, given that their luminosities can 
be increased due to bursts of star-formation produced in in- 
teraction events, as was also pointed out by Kannappan et 
al. (2004) for a sample of galaxy pairs. This idea is sup- 
ported by the fact that HCG 49b and 96c lie on the stellar 
TF relation and therefore their masses are typical of low- 
mass systems. Given the data available in this study, we 



can tentatively suggest that if there are low-mass outliers 
to the K-band Tully-Fisher relation, these objects may be 
interacting galaxies. 

6.3 K-band luminosity enhanced by AGN activity 

Another mechanism to increase the K-band luminosity with- 
out affecting the B-band luminosity could be the presence of 
an AGN. Riffel et al. (2009) studied the near-infrared spec- 
tral energy distribution of a sample of nine Seyfert 1 and fif- 
teen Seyfert 2 galaxies, finding that Seyfert 1 galaxies need 
a dust component to explain their higher emission in the K- 
band with respect to Seyfert 2 galaxies. This emission could 
be associated with the torus of dust, which could be heated 
by the AGN. Interestingly, HCG 96c is a transition object 
as defined by Martinez et al. (2010), which means that this 
galaxy has AGN signatures. This scenario could explain an 
increase in the K-band luminosity, placing this galaxy off the 
TF relation. Infrared spectra for HCG 96c could elucidate 
this issue. HCG 49b is not an AGN, therefore, we exclude 
this scenario as a possibility for this galaxy. 

We note that two other galaxies in the same mass range 
as HCG 49b are 89d and 96d. They are also outliers in the B- 
band TF but unfortunately we do not have any information 
on their NIR magnitudes and therefore we do not know their 
locations in the baryonic TF relation. 



7 CONCLUSIONS AND SUMMARY 

The Tully-Fisher relation was mainly used in the past to 
determine galaxy distances and to measure deviations from 
the cosmic flow (from Tully & Fisher 1977 to e.g. Springob 
et al. 2009). Nowadays the Tuly-Fisher relation is used to 
test galaxy formation and evolution models (e.g. Button et 
al. 2007) and for connecting the disk to the dark halo masses 
(e.g. Button et al. 2010). Also, the scatter in the Tuly-Fisher 
relation provides useful constraints on the intrinsic differ- 
ences between disk galaxies and on their evolution related 
to their environment. 

In this paper, to tackle the question of the role of the 
environment in galaxy evolution, we have studied for the 
first time the K-band, stellar and baryonic Tully-Fisher re- 
lations for a sample of galaxies in compact groups, where 
tidal interactions are common, and we compared them with 
a sample of galaxies in less dense environments (GHASP 
survey). To complement our reference data in low density 
environment, we have included the sample of gas-rich galax- 
ies studied by McCaugh et al. (2012). The HCG and GHASP 
samples, both based on 2D Fabry-Perot data obtained with 
the same kind of instrument, were analysed using the same 
procedure in order to minimize the difference liked to data 
analysis. 

From this study, we concluded that the behaviour of 
most compact group galaxies on the different Tully-Fisher 
relations (K-band, stellar and baryonic) does not fundamen- 
tally differs of those shown by field galaxies, however, the 
larger scatter on the plots and the presence of some out- 
liers indicate subtle, but intrinsic, differences between com- 
pact group and field galaxies. These differences can be likely 
linked to transient evolutionary phenomena due to the dense 
environment of compact group of galaxies. This means that 
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within the compact groups dominated by late-type galax- 
ies we can observe galaxies having different degrees of kine- 
matic perturbations, which are caused by it environment. 
The more dynamically perturbed galaxies are dominated by 
non-rotating motions and they do not lie in the TuUy-Fisher 
relation. On the other hand, less perturbed galaxies are still 
dominated by the rotation of the disk and they are similar to 
field galaxies. Between these two boundaries one observes in- 
termediate cases with different degrees of perturbations, i .e. 
not high enough to leave the TuUy-Fisher relations defined 
by non-interacting galaxies, but high enough to increase the 
scatters in the relations. These findings confirm evolutionary 
scenarios of compact group. 

In the following, we summarize our main findings: 

(i) We found that most HCG galaxies he on the K-band, 
stellar and baryonic TuUy-Fisher relation defined by the 
galaxies of GHASP, but having a larger scatter. 

(ii) The scatter in the stellar HCG TuUy-Fisher relation 
is slightly reduced when the gaseous masses are added to 
the stellar ones, i. e. in the baryonic Tully-Fisher relation. 

(iii) Two low-mass galaxies (HCG 49b and HCG 96c) are 
shifted from the expected K-band Tully-Fisher relation and 
HCG 49b is also shifted from the B-band relation. However, 
both galaxies lie on the stellar and baryonic Tully-Fisher re- 
lations. Given that these objects are actively forming stars, 
we speculate that their positions on the B and K-band Tully- 
Fisher relations are a result of an enhancement in their lumi- 
nosities triggered by star-formation events and maybe also 
AGN activity in the case of HCG 96c. These high luminosi- 
ties do not affect the total stellar mass of these systems, and 
that is the reason why galaxies HCG 49b and 96c lie on the 
stellar and baryonic Tully-Fisher relations. 

We plan in the future to study other low-mass HCG 
galaxies to check how they fit in the TF relation. 
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